There is controversy over the potential endocrine modulating influence of pesticides, particularly during sensitive phases of development. In 
weeks. Serum was collected every 2 weeks and at 27 weeks every 15 min for 6 h during both day and night, and for 1 h before and 5 h after stimulation with GnRH, adrenocorticotrophic hormone and thyroid-stimulating hormone. The pesticides did not affect body weight and ejaculate characteristics, or cause overt toxicity. In pentachlorophenol-treated rams, scrotal circumference was increased. However, seminiferous tubule atrophy was more severe and epididymal sperm density was reduced in comparison with untreated rams at necropsy (P < 0.05). Thyroxine concentrations were lower in pentachlorophenol-treated rams than in untreated rams (P < 0.05). However, after thyroid-stimulating hormone treatment, the thyroxine response was unaltered. Reproductive behaviour was reduced in lindane-treated rams compared with control rams (P < 0.05). Serum LH and oestradiol concentrations during reproductive development, LH pulse frequency at 27 weeks and testosterone secretion after GnRH treatment were lower in lindane-treated rams than in untreated rams (P < 0.05). In summary, the effects of pentachlorophenol on the testis may be linked to a decrease in thyroxine concentrations, and reduced reproductive behaviour in lindane\x=req-\ treated rams may be related to decreased LH, oestradiol and testosterone concentrations.
Introduction
Organochlorine pesticides are routinely detected in the body tissues and milk of animals and humans (Baukloh et al, 1985; Foster, 1995; Sonawane, 1995; Thompson and Treble, 1996) and there is controversy over their potential as endocrinedisrupting xenobiotics (Colborn et al., 1993; Turner and Sharpe, 1997) . Many pesticides are lipophilic and bioaccumulate in lipid stores and tissues such as the mammary gland (Antunes-Madeira and Madeira, 1985; Kutz et al, 1991; Sitarska et al., 1995) . They are mobilized along with the lipid during pregnancy and lactation and may be passed to the developing fetus or offspring via placental transfer (Larsen et al., 1975; Khanna et al, 1991) and in milk (Pompa et al, 1994; Sonawane, 1995; Nair et al, 1996) . Gonadotrophin-, androgen-, oestrogen-and thyroiddependent changes occur in developing mammals during gestation and postnatal development (Goodman, 1994) . There is concern that irreversible changes may be induced when animals are exposed to endocrine-disrupting chemicals during critically susceptible phases of sexual differentiation or development, such as Sertoli cell proliferation (Mably et al., 1992; Gray et al, 1994; Guo et al, model species in which to study endocrine disruption, as reproductive performance is easily evaluated in rams and frequent blood samples can be obtained in conjunction with tests of endocrine function (Brooks, 1996;  Sweeney and Evans, 1997; Rawlings et al, 1998) . The objective of the present study was to examine the effects of two organochlorine pesticides, lindane (the gamma isomer of hexachlorocyclohexane) and pentachlorophenol (PCP), on reproductive and general endocrine function in ram lambs that were the offspring of pesticide-treated ewes, and were continuously exposed to pesticides throughout reproductive development. The endocrine and reproductive effects of these pesticides have been demonstrated in adult ewes in a short-term study and in male mink after long-term exposure from conception and during sexual maturation . Lindane is an insecticide present in a variety of agricultural, medical and veterinary products (Ecobichon, 1991) , and PCP has been extensively used as a general biocide and wood preservative (Exon, 1984) .
Materials and Methods

Animals
The rams (Suffolk Western White Face, = 24) used in this study were (Ecobichon, 1991) (Ravindra et al., 1994; Joseph et al, 1995 (Sokal and Rohlf, 1969 The pesticide treatments did not cause any consistent decrease in body weight. However, there was a significant time treatment interaction (P < 0.05; see Fig. 1 ). The mean weight of the rams treated with lindane or PCP was slightly less than that of rams in the control group from 10 to 16 weeks of age and then slightly more from 20 to 28 weeks of age.
Testicular development
Testis diameter measurements at 10 and 14 weeks of age were not available from some animals due to equipment failure, so all the data from these days were excluded from analysis. Testis diameter increased with age ( Fig. 1; < 0 Time from TSH stimulation (h) Fig. 3 the control rams. There were no significant differences in the mass of organs between pesticide-treated and control rams (P > 0.05). PCP-treated rams appeared to have heavier testes than untreated rams at the time of necropsy (paired testis mass, g: control 496 ± 33, lindane-treated 503 ± 28, PCPtreated 586 ± 59), but this difference was not statistically significant due to the large inter-animal variation and the small number of rams in the PCP-treated group.
Histology. In the PCP-treated rams, there were focal degenerative changes in the seminiferous tubules of both testes, including a reduction in the production of spermatocytes, leading to a significant increase in the severity of seminiferous tubule atrophy (P < 0.05) compared with the control rams (mean severity scores: control Thyroxine concentrations were particularly suppressed by PCP treatment during the critical phase of reproductive development up to 16 weeks of age and at 27 weeks of age when hormone secretion patterns were characterized more fully. At 27 weeks, the increase in thyroxine concentration in response to exogenous TSH appeared normal in PCP-treated rams, although it is not known whether the decline in thyroxine concentration after this increase would be equivalent to that in untreated rams. This indicates that PCP does not affect the thyroid gland directly, and this is supported by the absence of an influence of PCP on the size of the thyroid gland or thyroid histology. Serum concentration of thyroxine was also suppressed in the PCPfed dams of these rams and in cyclic ewes (Karsch et al, 1995; Cooke, 1996) . Cooke et al. (1996) showed that, in rats, the transient reduction in thyroxine concentration due to neonatal exposure to polychlorinated biphenyls can extend the period of testicular maturation and result in increased testis size and daily sperm output. Thyroidectomy in prepubertal rams has also caused an increase in testis size (Parkinson et al., 1995) . In the present study, scrotal circumference was greater in the hypothyroid PCP-treated rams, but age at puberty was not affected. It is not known whether testis size would have continued to increase after the time of normal pubertal maturity in the PCP-treated rams, as was reported in transiently hypothyroid rats (Cooke et al., 1996) . Thyroid hormones have also influenced seasonality of reproduction in adult rams; thyroidectomy prevents the changes in reproductive activity that are typical of the normal transition between the breeding season and non-breeding season, and causes a rapid increase in testis size when performed during the non-breeding season (Parkinson and Follett, 1994 Hypothyroidism has a detrimental effect on sperm motility in adult rams (Chandrasekhar et al, 1985 (Chandrasekhar et al, ,1986 in contrast to the stimulatory influence of hypothyroidism on testis development in prepubertal animals (Parkinson et al, 1995; Cooke, 1996) . In most studies examining the role of thyroid hormones in the control of reproduction, effects on reproductive function were only clear when changes in thyroxine concentration were more extreme than in the present study. Chandrasekhar et al (1986) showed that reproductive and endocrine function is restored in thyroidectomized rams when thyroid hormone replacement reaches only 30% of the intact control values. However, a prolonged reduction in concentrations of thyroxine during sensitive phases of development may have a greater effect on reproductive function than a decrease in thyroxine concentrations in adult ewes. In the present study, thyroxine concentrations were suppressed both before and after puberty, and thus the testicular atrophy in the PCP-treated rams at necropsy may be the result of hypothyroidism induced by PCP after puberty, or a direct toxic effect of PCP on the testis. It is unlikely that the observed testicular histopathology represented a less mature testicular status, as has been noted in a study of hypothyroid rats (Kirby et al., 1997) and mink , which indicated a specific effect of PCP on the thyroid hormone axis. More extreme cases of prepubertal hypothyroidism result in a decrease in FSH in male rats (Kirby et ah, 1997) , and an increase in FSH (Parkinson et ah, 1995) and a decrease in LH and testosterone in response to GnRH in rams (Chandrasekhar et ah, 1985 (Tiemann et ah, 1996) , probably due to a decrease in the rate of steroidogenesis (Sircar and Lahari, 1990 (Beard et ah, 1998; Rawlings et ah, 1998) and oestradiol concentrations were increased in lindane-treated cyclic ewes (Rawlings et ah, 1998) . These discrepancies are difficult to interpret, but may be related to sexual differences in the response to lindane or to the fact that, in the present study, the rams were exposed to pesticides during particularly sensitive phases of development. (Beard et ah, 1997; (Beard et ah, 1998) (Guillette et ah, 1996) , and lindane and PCP can readily cross the placenta and be detected in the fetus (Larsen et ah, 1975; Khanna et ah, 1991) . However, in quantitative terms, the maternal milk may be an even more important source of pesticide exposure to the neonate (Pompa et ah, 1994; Sonawane, 1995; Nair et ah, 1996) . The 
